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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve yield by 
molding a piezoelectric/electrostrictive film on a 
diaphragm by using a specific cermic paste, baking the 
piezoelectric/ electrostrictive film and an upper electrode 
thereon. 

SOLUTION: A superfine ceramic oxide powder made r ■ , ... , ^ riHn, _. :m . ffiftflfl; 

mainly of lead and titanium is produced at 100-500°C ?M iSSSI 

through non-explosive oxidation-reduction burning 

reaction, so that its particle size is made to be 1 (xm or 

less. The obtained superfine ceramic oxide powder is 

mixed with a superfine ceramic powder containing a 

water or an organic solvent as a base and a ceramic sol 

solution having the same or similar element so as to 

produce a ceramic paste. A piezoelectric/electrostrictive 
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film is formed on a diaphragm by using the ceramic paste, and the formed 
piezoelectric/electrostrictive film is heated at 100-600°C for firing, resulting in an upper 
electrode thereon. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] it is manufactured by the non-explosivility oxidization-reduction combustion reaction at the 
phase of offering a metal diaphragm, and 100-500-degree C low temperaUirej^anfrparticle size is 1 
micrometer or less, and uses4egdjPb^ co nfiguration element » with detailed 

ceramic oxide, poj^der^overLy J^a mmiufactured w ater qrjin organic solvent as the base 

and which mixes overly the same as that of detailed ceramic powder, or the ceramic sol solution of a 
similar component, and manufactures a ceramic paste, By using said ceramic paste and heat-treating at 
100-600 degrees C with the phase which fabricates piezo-electricity / electrostriction film to said 
diaphragm The manufacture approach of of the piezo-electricity / electrostriction actuator characterized 
by including the phase of making the piezo-electricity / electrostriction film fabricated by said 
diaphragm calcinating, and the phase which fabricates an up electrode on piezo-electricity / 
electrostriction film. 

[Claim 2] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 
claim 1 characterized by including further the phase heat-treated at 100-600 degrees C after fabricating 
an up electrode. 

[Claim 3] It is the manufacture approach of of the piezo-electricity / electrostriction actuator according 
to claim 1 characterized by using a stainless steel plate or a nickel plate as said metal diaphragm. 
[Claim 4] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 
claim 1 characterized by performing heat treatment after fabricating said piezo-electricity / 
electrostriction film at 150-300 degrees C. 

[Claim 5] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 
claim 1 characterized by using it as an up electrode, choosing from silver (Ag), aluminum (aluminum), 
gold (Au), or platinum (Pt). 

[Claim 6] it is manufactured by the non-explosivility oxidization-reduction combustion reaction at a 
metal diaphragm and 100-500-degree C low temperature, and particle size is 1 micrometer or less, and 
uses lead (Pb) and titanium (Ti) as a basic configuration element — with detailed ceramic oxide powder 
[ overly ] Said piezo-electricity / electrostriction film which manufactured water or an organic solvent as 
the base and which was fabricated on said metal diaphragm using overly the same as that of detailed 
ceramic powder, or the ceramic paste which mixed the ceramic sol solution of a similar component, The 
piezo-electricity / electrostriction actuator characterized by consisting of up electrodes combined with 
the upper part of said piezo-electricity / electrostriction film. 

[Claim 7] Said metal diaphragm is the piezo-electricity / electrostriction actuator according to claim 6 
characterized by being a stainless steel plate or a nickel plate. 

[Claim 8] Said up electrode is the piezo-electricity / electrostriction actuator according to claim 6 
characterized by being chosen from metals, such as silver (Ag), aluminum (aluminum), gold (Au), or 
platinum (Pt). 

[Claim 9] It is manufactured by the non-explosivility oxidation-reduction combustion reaction at the 
phase of offering a diaphragm, the phase which fabricates a lower electrode on a diaphragm, and 100- 
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500-degree C low temperature, particle size is 1 micrometer or less, and uses lead (Pb) and titanium (Ti) 
as a basic configuration element — with detailed ceramic oxide powder [ overly ] Said phase which 
manufactured water or an organic solvent as the base and which mixes overly the same as that of 
detailed ceramic powder, or the ceramic sol solution of a similar component, and manufactures a 
ceramic paste, By using said ceramic paste and heat-treating at 100-600 degrees C with the phase which 
fabricates piezo-electricity / electrostriction film to said diaphragm The manufacture approach of of the 
piezo-electricity / electrostriction actuator characterized by including the phase of making the piezo- 
electricity / electrostriction film fabricated by said diaphragm calcinating, and the phase which fabricates 
an up electrode on said piezo-electricity / electrostriction film. 

[Claim 10] It is the manufacture approach of of the piezo-electricity / electrostriction actuator according 
to claim 9 characterized by using a ceramic diaphragm as said diaphragm. 
[Claim 1 1] Said ceramic diaphragm is the manufacture approach of of the piezo-electricity / 
electrostriction actuator according to claim 10 characterized by being an aluminum oxide (aluminum 
203), a zirconium dioxide (Zr02), silicon carbide (SiC), silicon nitride (Si3N4), a silicon dioxide 
(Si02), or textile glass yarn. 

[Claim 12] It is the manufacture approach of of the piezo-electricity / electrostriction actuator according 
to claim 10 characterized by using it as a lower electrode fabricated on said diaphragm, choosing from 
conductive pastes, such as an alloy of platinum (Pt), silver (Ag), silver / palladium (Ag/Pd), nickel 
(nickel), and copper (Cu). 

[Claim 13] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 
claim 12 characterized by including further the phase heat-treated at 500-1,400 degrees C after 
fabricating said lower electrode on said vibration. 

[Claim 14] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 
claim 9 characterized by using the giant-molecule nature organic compound diaphragm of resin as said 
diaphragm. 

[Claim 15] It is the manufacture approach of of the piezo-electricity / electrostriction actuator according 

to claim 14 characterized by using a polyester system, a polyimide system, or a Teflon system resin 

diaphragm as a macromolecule nature organic compound diaphragm of said resin. 

[Claim 16] It is the manufacture approach of of the piezo-electricity / electrostriction actuator according 

to claim 14 characterized by using it as a lower electrode fabricated on said diaphragm, choosing from 

metals, such as silver (Ag), aluminum (aluminum), gold (Au), or platinum (Pt). 

[Claim 17] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 

claim 16 characterized by including further the phase heat-treated at 100-300 degrees C after fabricating 

said lower electrode on said diaphragm. 

[Claim 18] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 
claim 9 characterized by using it as said up electrode, choosing from silver (Ag), aluminum (aluminum), 
gold (Au), or platinum (Pt). 

[Claim 19] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 
claim 9 characterized by including further the phase heat-treated at 100-600 degrees C after fabricating 
said up electrode. 

[Claim 20] The manufacture approach of of the piezo-electricity / electrostriction actuator according to 
claim 9 characterized by performing heat treatment after fabricating said piezo-electricity / 
electrostriction film at 150-300 degrees C. 

[Claim 21] It is manufactured by the non-explosivility oxidation-reduction combustion reaction at a 
diaphragm, the lower electrode combined on the diaphragm, and 100-500-degree C low temperature, 
particle size is 1 micrometer or less, and uses lead (Pb) and titanium (Ti) as a basic configuration 
element — with detailed ceramic oxide powder [ overly ] Said piezo-electricity / electrostriction film 
which manufactured water or an organic solvent as the base and which was fabricated on said metal 
diaphragm using overly the same as that of detailed ceramic powder, or the ceramic paste which mixed 
the ceramic sol solution of a similar component, The piezo-electricity / electrostriction actuator 
characterized by coming to contain the up electrode combined with the upper part of said piezo- 
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electricity / electrostriction film. 

[Claim 22] They are the piezoelectricity / electrostriction actuator according to claim 21 characterized 
by using a ceramic diaphragm as said diaphragm. 

[Claim 23] Said ceramic diaphragm is the piezo-electricity / electrostriction actuator according to claim 

22 characterized by being an aluminum oxide (aluminum 203), a zirconium dioxide (Zr02), silicon 

carbide (SiC), silicon nitride (Si3N4), a silicon dioxide (Si02), or textile glass yarn. 

[Claim 24] They are the piezo-electricity / electrostriction actuator according to claim 22 characterized 

by using it as a lower electrode fabricated on said diaphragm, choosing from conductive pastes, such as 

an alloy of platinum (Pt), silver (Ag), silver / palladium (Ag/Pd), nickel (nickel), and copper (Cu). 

[Claim 25] The piezo-electricity / electrostriction actuator according to claim 21 characterized by using 

the macromolecule nature organic compound diaphragm of resin as said diaphragm. 

[Claim 26] They are the piezo-electricity / electrostriction actuator according to claim 25 characterized 

by using a polyester system, a polyimide system, or a Teflon system resin diaphragm as a 

macromolecule nature organic compound diaphragm of said resin. 

[Claim 27] They are the piezo-electricity / electrostriction actuator according to claim 25 characterized 
by using it as a lower electrode fabricated on said diaphragm, choosing from metals, such as silver (Ag), 
aluminum (aluminum), gold (Au), or platinum (Pt). 

[Claim 28] The piezo-electricity / electrostriction actuator according to claim 21 characterized by using 
it as said up electrode, choosing from silver (Ag), aluminum (aluminum), gold (Au), or platinum (Pt). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a thing about piezo-electricity / electrostriction actuator, and its 
manufacture approach. In piezo-electricity / electrostriction actuator, a diaphragm and a piezo electric 
crystal are not pasted up by the 3rd matter in more detail. By fabricating the ceramic powder which 
carried out special manufacture on a thin film, or the piezo-electricity / electrostriction film of a thick- 
film gestalt on the diaphragm which became with the metal, the organic compound, or the ceramic 
according to the special process, heat-treating it at low temperature comparatively, and unifying It is 
related with the piezo-electricity / electrostriction actuator which enabled it to constitute the piezo- 
electricity / electrostriction actuator of only required quantity without post processing in coincidence, 
and its manufacture approach by minimum-izing deterioration of a diaphragm and giving patterning at 
the time of shaping of a piezo electric crystal. 
[0002] 

[Description of the Prior Art] Generally, an actuator consists of a diaphragm, a lower electrode formed 
in the upper part of a diaphragm, the piezo-electricity / electrostriction film formed in the upper part of a 
lower electrode, and an up electrode formed in the upper part of piezo-electricity / electrostriction film. 
[0003] The actuator which has such a configuration will vibrate the piezo-electricity / electrostriction 
film put on inter-electrode repeating deformation and restoration by that cause, if a power source is 
impressed to an up electrode and a lower electrode. 

[0004] Although the piezo-electricity / electrostriction film used as a piezo electric crystal in piezo- 
electricity / electrostriction actuator are manufactured, the ceramic powder manufactured by the solid 
phase technique has been used at the former. 

[0005] After the solid phase technique called oxide method mixes the oxide or fused salt which is the 
source material of a powder gestalt and heat-treats it at 1,000-1,200 degrees C, it is an approach of 
grinding and sintering and manufacturing ceramic powder. 

[0006] The particle size of the ceramic powder manufactured by such solid phase technique changes 
with the particle size of raw material powder, since the particle size of the powder generated is 
comparatively large at 0.2-2 micrometers, it is unsuitable for obtaining a particle 0.1 micrometers or 
less, and it has the fault as which heat treatment in an elevated temperature of 1 ,000 degrees C or more 
is required on the property of a process. 

[0007] In manufacturing the various membrane type devices using a ceramic, the ceramic paste was 
manufactured to the former using ceramic powder, and the approach of heat-treating, after printing this 
to a diaphragm or carrying out molding has mainly been used for it. 

[0008] In order to manufacture a ceramic paste, after adding a ceramic particle with a mean particle 
diameter of 1 micrometer manufactured by the solid phase technique, the approach of mixing and 
stirring has been used for the solution made to dissolve a binder, a vehicle, a plasticizer, a dispersant, 
etc. in a solvent at the former. 

[0009] In order to manufacture piezo-electricity / electrostriction film using the ceramic paste 
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manufactured by said approach, after printing a ceramic paste to a diaphragm, it dries at 130 degrees C 
and heat-treats above 1,000 degrees C, but before heat-treating after desiccation, there is a trouble that 
another additional heat treatment should be performed above 500 degrees C, for the debinder activity for 
completely removing the added organic substance component. 

[0010] Moreover, since the ceramic paste manufactured by such approach has the large ceramic particle, 
shaping at low temperature is impossible for it and it should heat-treat above 1 ,000 degrees C, there is 
[ a trouble that the range of a selectable diaphragm is restricted ]. 

[001 1] The manufacture approach of of the conventional piezo-electricity / electrostriction actuator is 
divided into two methods of the case where a metal or the macromolecule nature organic compound of 
resin is used as a diaphragm, and the case where a ceramic is used as a diaphragm by the quality of the 
material of the diaphragm used. 

[0012] First, it investigates about the case where a metal or the macromolecule nature organic compound 
of resin is used as a diaphragm. 

[0013] The example in the case of using the resin which is an insulating organic compound as a 
diaphragm is indicated by Japan JP,9-300609,A. 

[0014] Since deterioration of the diaphragm by the elevated temperature cannot be avoided when using a 
metal and the macromolecule nature organic compound of resin as a diaphragm, after fabricating or 
manufacturing a piezo electric crystal independently and pasting up a diaphragm and a piezo electric 
crystal by the 3rd matter, a piezo electric crystal plate is machined in fixed magnitude, the piezo- 
electricity / electrostriction actuator of request quantity are constituted, and such a process is shown in 
drawing 1 . 

[0015] Since resin or a metal is used for this approach as a diaphragm, it has the fault which can avoid a 
process of high difficulty like micro processing of a ceramic. 

[0016] However, in order to paste up a diaphragm and a piezo electric crystal by the 3rd matter, in an 
adhesion process, the problem of the thickness of adhesives not being uniform and air bubbles being 
mixed occurs, and there is a trouble that dependability reservation with a glue line is difficult. 
[0017] Moreover, in order to obtain the piezo-electricity / electrostriction actuator of request quantity, 
slicing of the piezo electric crystal plate is carried out by machining, but since a limitation is for the 
limitation of machining to raise the degree of integration of piezo-electricity / electrostriction actuator, 
there is a trouble which cannot be easily equipped with competitive strength in respect of quality and 
productivity. 

[0018] Moreover, since the distance between an up electrode and a lower electrode, and a diaphragm is 
very short at about 30 micrometers, when using a metal as a diaphragm, there is anxiety to which 
discharge takes place. 

[0019] It investigates about the case where a ceramic is used as a diaphragm next. 

[0020] The example at the time of manufacturing piezo-electricity / electrostriction actuator, using a 

ceramic as a diaphragm is indicated by U.S. Pat. No. 5430344. 

[0021] When fabricating the thin film or thick film of a piezo electric crystal directly on a diaphragm, 
the sintering temperature of a piezo electric crystal is high, and since a diaphragm tends to deteriorate by 
this, the ceramic which also bears the sintering temperature of a piezo electric crystal is used as a 
diaphragm. 

[0022] When using a ceramic diaphragm as a diaphragm, after heat-treating and fabricating a lower 
electrode above 1,200 degrees C on a ceramic diaphragm, it heat-treats above 1,000 degrees C in the 
upper part of a lower electrode, a piezo electric crystal is fabricated, an up electrode is fabricated at 
about 800 degrees C in the upper part of a piezo electric crystal, and such a process is shown in drawing 
2. 

[0023] The typical thing of the ceramic used as a diaphragm is the stable zirconia (Zr02), and since an 
autoclasis phenomenon occurs near 1,000 degree C, the zirconia in the pure condition that there is no 
additive cannot be used as a diaphragm. 

[0024] Although a zirconia has the property that even an about 1,200-degree C elevated temperature 
does not oxidize or deform and a mechanical property is best, there is a trouble that shaping of a zirconia 
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is difficult. 

[0025] A zirconia plate is manufactured according to a tape casting (Tape Casting) process. That is, after 
it moves a film after keeping the gap of only the thickness of a request zirconia and installing a blade on 
a film, and the zirconia of a slurry regime was applied on the film by fixed thickness, it is made to 
harden in ordinary temperature and the plate of fixed thickness is manufactured by removing a film after 
hardening. 

[0026] Such an approach has the advantage which can manufacture super-thin ceramic piezo-electricity / 
electrostriction actuator using hot one shaping like ceramic micro processing. 

[0027] However, since structure shaping which took into consideration contraction of a ceramic and a 
piezo electric crystal since the ceramic diaphragm and the piezo electric crystal were fabricated at the 
elevated temperature to one is required and especially the thickness of a ceramic diaphragm is very thin 
at 10 micrometers or less, there is a trouble that not only the quality maintenance at the time of shaping 
of a green sheet (Green sheet) but the deformation control at the time of elevated-temperature shaping is 
very difficult. 

[0028] Moreover, at the time of several elevated-temperature shaping, it is industrial engineering of high 
difficulty which should conquer the problem of a chemical reaction occurring and deteriorating, and the 
fault which is not high is between each matter containing the lower electrode material of a piezo electric 
crystal. 
[0029] 

[Problem(s) to be Solved by the Invention] This invention for solving said trouble by [ which overly use 
detailed ceramic powder ] having been manufactured by the new approach Since the diaphragm of 
quality of the materials possible shaping and various can be used also at low temperature and the piezo- 
electricity / electrostriction film which is a piezo electric crystal can be fabricated without an adhesion 
process on a direct diaphragm The extensive improvement of quality and the productivity is carried out 
compared with the former, and it aims at offering the piezo-electricity / electrostriction actuator with 
which yield was manufactured by the manufacture approach of of high piezo-electricity / electrostriction 
actuator, and its manufacture approach. 
[0030] 

[Means for Solving the Problem] The phase where this invention for attaining said purpose offers a 
metal diaphragm, it is manufactured by the non-explosivility oxidization-reduction combustion reaction 
at 100-500-degree C low temperature, and particle size is 1 micrometer or less, and uses lead (Pb) and 
titanium (Ti) as a basic configuration element - with detailed ceramic oxide powder [ overly ] Said 
phase which manufactured water or an organic solvent as the base and which mixes overly the same as 
that of detailed ceramic powder, or the ceramic sol solution of a similar component, and manufactures a 
ceramic paste, By using said ceramic paste and heat-treating at 100-600 degrees C with the phase which 
fabricates piezo-electricity / electrostriction film to said diaphragm The description is in the manufacture 
approach of of piezo-electricity / electrostriction actuator including the phase of making the piezo- 
electricity / electrostriction film fabricated by said diaphragm calcinating, and the phase which fabricates 
an up electrode on piezo-electricity / electrostriction film. 

[0031] moreover, this invention is manufactured by the non-explosivility oxidization-reduction 
combustion reaction at a metal diaphragm and 100-500-degree C low temperature, and particle size is 1 
micrometer or less, and it uses lead (Pb) and titanium (Ti) as a basic configuration element — with 
detailed ceramic oxide powder [ overly ] Said piezo-electricity / electrostriction film which 
manufactured water or an organic solvent as the base and which was fabricated on said metal diaphragm 
using overly the same as that of detailed ceramic powder, or the ceramic paste which mixed the ceramic 
sol solution of a similar component, The description is in the piezo-electricity / electrostriction actuator 
which consists of up electrodes combined with the upper part of said piezo-electricity / electrostriction 
film. 

[0032] Moreover, the phase where this invention offers a diaphragm and the phase which fabricates a 
lower electrode on a diaphragm, it is manufactured by the non-explosivility oxidization-reduction 
combustion reaction at 100-500-degree C low temperature, and particle size is 1 micrometer or less, and 
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uses lead (Pb) and titanium (Ti) as a basic configuration element — with detailed ceramic oxide powder 
[ overly ] Said phase which manufactured water or an organic solvent as the base and which mixes 
overly the same as that of detailed ceramic powder, or the ceramic sol solution of a similar component, 
and manufactures a ceramic paste, By using said ceramic paste and heat-treating at 100-600 degrees C 
with the phase which fabricates piezo-electricity / electrostriction film to said diaphragm The description 
is in the manufacture approach of of piezo-electricity / electrostriction actuator including the phase of 
making the piezo-electricity / electrostriction film fabricated by said diaphragm calcinating, and the 
phase which fabricates an up electrode on said piezo-electricity / electrostriction film. 
[0033] Moreover, this invention is manufactured by the non-explosivility oxidation-reduction 
combustion reaction at a diaphragm, the lower electrode combined on the diaphragm, and 100-500- 
degree C low temperature, particle size is 1 micrometer or less, and uses lead (Pb) and titanium (Ti) as a 
basic configuration element - with detailed ceramic oxide powder [ overly ] Said piezo-electricity / 
electrostriction film which manufactured water or an organic solvent as the base and which was 
fabricated on said metal diaphragm using overly the same as that of detailed ceramic powder, or the 
ceramic paste which mixed the ceramic sol solution of a similar component, The description is in the 
piezo-electricity / electrostriction actuator which consists of an up electrode combined with the upper 
part of said piezo-electricity / electrostriction film. 
[0034] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 
[0035] it is used for this invention - detailed ceramic oxide powder [ overly ] The phase which 
manufactures the solution or distributed mixture which a ceramic constituent raw material is fully 
dissolved in a solvent or a dispersion medium, or homogeneity is distributed, and contains a ceramic 
configuration element, The amount or the citric acid beyond it required of causing the anion of said 
ceramic configuration element and an oxidation-reduction combustion reaction into the solution or 
distributed mixture with which said ceramic constituent was dissolved or distributed is added. The phase 
which carries out additional heat treatment at 700-900 degrees C, and raises crystallinity can also be 
further included including the phase which manufactures mixed liquor, and the phase which heat-treats 
said mixed liquor at 100-500 degrees C. 

[0036] It is used as a raw material containing a ceramic constituent, choosing from **** of a salt with 
ceramic configuration elements, such as an oxide of a ceramic configuration element, a carbonation 
object, or a nitric-acid ghost, the organic substance, or an inorganic substance, or a ceramic 
configuration element. 

[0037] It is desirable to use the piezo-electricity / electrostriction ceramic element which uses lead (Pb) 

and titanium (Ti) as a basic configuration element as said ceramic configuration element. 

[0038] It is desirable to use what consisted of a component containing lead (Pb), a zirconium (Zr), 

titanium (Ti) or lead (Pb), magnesium (Mg), and niobium (Nb) especially as said ceramic configuration 

element. 

[0039] It is used choosing more than one or it of whether as the solvent or dispersion medium for 
dissolving or distributing a ceramic constituent raw material, the raw material which contains a ceramic 
constituent among water or an organic solvent is melted, and the thing which can be distributed. As an 
organic solvent, dimethylformamide (dimethyl formamide), methoxy ethanol (methoxyethanol), an 
acetic acid, glycols, alcohols, etc. are mainly used. 

[0040] The citric acid which is the organic compound which can cause a combustion reaction as a 
combustion assistant is used, in the conventional approach, in order that a citric acid may be the kimono 
formation agent which is not a combustion assistant and may give the homogeneity of a reaction, it is 
used — having - PECHINI - it is applied to a process like law (Pechini process), and the combustion 
reaction by which the rate was adjusted may be induced by using the inflammability of a citric acid, and 
the kimono formation effectiveness. 

[0041] A ceramic constituent adds a citric acid to the solution or distributed mixture dissolved or 
distributed, is mixed, and manufactures mixed liquor. The amount required of causing the anion of said 
ceramic configuration element and an oxidation-reduction combustion reaction as an amount of the 
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citric acid to add or more than it is added. The speed of advance of a reaction can be adjusted with the 
amount of the citric acid to add. , 

[0042] The mixed liquor which added the citric acid and was mixed is heat-treated at 100-500 degrees 
C. Although a reaction may occur even if the combustion reaction of a citric acid can fully begin even if 
heat treatment temperature becomes 100 degrees C or more and it heat-treats above 500 degrees C, 
although the crystallinity of a ceramic phase improves so that the temperature of heat treatment becomes 
high, heat-treating at the temperature beyond it is meaningless compared with the conventional 
approach. 

[0043] It heat-treats at 150-300 degrees C more preferably, and this temperature requirement can secure 
the crystallinity of a ceramic phase suitably, though it is quite heat treatment at low temperature. 
[0044] A citric acid is removed in said combustion reaction process, and a ceramic oxide is formed 
without scattering by the heat of reaction of the citric acid generated at this time. 
[0045] In such a reaction, since other components of a ceramic configuration element are removed by 
the combustion reaction of sufficient time amount, the ceramic oxide powder of a pure gestalt with 
which an impurity does not remain is formed. 

[0046] Since especially the ceramic oxide powder manufactured by said approach is 0.01-0.1 
micrometers, its particle size is very detailed 1 micrometer or less, particle size distribution is uniform 
powder and it is the ceramic to which the fundamental particle existed as a gestalt of an independent 
object or weak floe (soft aggregate), and completely burned, weight does not decrease by additional heat 
treatment, either. 

[0047] Moreover, since surface reactivity is excellent and can fabricate only by heat treatment at low 
temperature, the degree of freedom of a diaphragm is high, and it prints to a diaphragm, or the coating 
approach can be applied variously. 

[0048] In order [ which was manufactured ] overly to raise the crystallinity of detailed ceramic oxide 
powder, the manufactured phase which overly heat-treats detailed ceramic oxide powder further at 700- 
900 degrees C can also be included. 

[0049] Since piezo-electricity / electrostriction film is fabricated on a diaphragm using said ceramic 
powder and it fabricates at low temperature in the case of this invention, a limit is not received in the 
quality of the material of the diaphragm to be used. Therefore, if it is the matter which has the flexibility 
which bends by vibration and deforms, all can be used as a diaphragm and the macromolecule nature 
organic compound of a metal, a ceramic, and resin will be used typically. 
[0050] It investigates about the manufacture approach of of the piezo-electricity / electrostriction 
actuator in the case of using a metal plate as a diaphragm first. The process which manufactures piezo- 
electricity / electrostriction actuator as a diaphragm using a metal plate is shown in drawing 3 . 
[0051] Since a metal has conductivity and the very thing can make the function of a diaphragm and a 
lower electrode coincidence when using a metal plate as a diaphragm, another lower electrode is 
unnecessary. 

[0052] although various alloys used for the former can be used as a metal plate - among those ~ being 
also alike — it is desirable to use especially stainless steel or nickel, and, as for the thickness of a metal 
plate, it is desirable to be referred to as 3-200 micrometers. 

[0053] Since another lower electrode is unnecessary when using a metal as a diaphragm, direct piezo- 
electricity / electrostriction film is fabricated on a metal diaphragm. 

[0054] Although various approaches can be used as an approach of fabricating piezo-electricity / 
electrostriction film, as the typical approach, a ceramic paste is manufactured and how to fabricate 
piezo-electricity / electrostriction film at low temperature with the printing method, the molding method, 
or a coating method is explained. 

[0055] A ceramic paste mixes and uses ceramic oxide powder and ceramic oxide powder, and the 
ceramic sol solution that has compatibility and that was made to dissolve the same or the ceramic 
configuration element of a similar component, and was manufactured. 

[0056] since it was effective to have used detailed powder in order to secure the possible system of low- 
temperature shaping in consideration of the reactivity of the very thing as ceramic oxide powder, it was 
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manufactured by said approach detailed ceramic oxide powder is overly used. 
[0057] As detailed ceramic oxide, it is desirable to use what uses lead (Pb) and titanium (Ti) as a basic 
configuration element, and especially the thing for which what became of the component containing 
lead, a zirconium, and titanium is used is overly desirable. 

[0058] At a room temperature, it combines with the water more than a monolayer, and the front face of 
detailed ceramic oxide powder overly exists, and the water combined with the front face overly affects 
the acidity and the basicity of a detailed ceramic oxide powder front face, and when a ceramic sol 
solution is mixed with ceramic oxide powder, it carries out a catalysis here. 
[0059] A ceramic sol solution uses water or an organic solvent as the base, dissolves a ceramic 
configuration element, and is manufactured. Although the organic solvent used as the base can use 
various things, it is desirable to use it, mainly choosing from an acetic acid, dimethylformamide, 
methoxy ethanol, glycols, and alcohols. 

[0060] The ceramic configuration element used at the time of manufacture of a ceramic sol solution has 
especially the desirable thing for which the component containing lead (Pb), a zirconium (Zr), and 
titanium (Ti) is used, and, as for the concentration of the ceramic sol solution to be used, it is desirable 
to be referred to as 0. 1 -5M. 

[0061] When overly mixing a ceramic sol solution with detailed ceramic oxide powder, as for the 
content of a ceramic sol solution, it is desirable overly to consider as the 10 - 200 weight section to 
detailed ceramic oxide powder. When the content of a ceramic sol solution is more than the 200 weight 
sections, detailed ceramic oxide powder is overly diluted too much, the viscosity of a mixture is low, 
and when it is under 10 weight sections, it is because there are overly many amounts of detailed ceramic 
oxide powder and viscosity becomes high too much. 

[0062] When both the systems of a ceramic sol solution are overly mixed with detailed ceramic oxide 
powder, the ceramic sol solution of the liquid phase will coat homogeneity with the front face of the 
ceramic oxide powder of solid phase, will overly connect a detailed ceramic oxide powder particle, and 
will fill the opening between powder effectively. 

[0063] thus, the formed powder-sol - or [ that the ceramic oxide powder which has the property of a 
ceramic proper in a mixture is the same as that of this ] - or since it is surrounded with the ceramic sol 
solution of a similar component, it has a suitable fluidity, a ceramic sol acts on the front face of ceramic 
oxide powder as a reaction medium, and the reactivity on the front face of powder is raised. 
[0064] Moreover, when this mixture contacts another organic substance henceforth, the organic 
component contained in the sol secures the stability of a contact interface, and gives dispersibility and 
homogeneity. 

[0065] or [ that a sol pyrolyzes such a system at low temperature, and it is the same as that of ceramic 
oxide powder ] — or since it is changed into a similar presentation, the ceramic system whose 
connectivity between particles improved also at low temperature can be obtained. 
[0066] Since the stability of the mixture which overly mixed the ceramic sol solution with detailed 
ceramic oxide powder, and a fluidity required for shaping are secured, the organic solvent for physical- 
properties accommodation can also be added. Although things various as an organic solvent for 
physical-properties accommodation can be used, while having what viscosity, it is desirable to use it on 
the basis of the glycols or alcohols with low vapor pressure in ordinary temperature. 
[0067] When overly adding the organic solvent for physical-properties accommodation to the mixture of 
detailed ceramic oxide powder and a ceramic sol solution, as for the addition of the organic solvent for 
physical-properties accommodation, it is desirable overly to consider as the 1-100 weight section to 
detailed ceramic oxide powder. This is because a mixture cannot maintain viscosity, it dilutes not much 
and a moldability worsens at the time of shaping, when there is no effectiveness which added the 
organic solvent for physical-properties accommodation as the addition of the organic solvent for 
physical-properties accommodation is under 1 weight section and an addition exceeds the 100 weight 
sections. 

[0068] The addition of the organic solvent for physical-properties accommodation has especially the 
desirable thing considered [ overly ] as 10 - 40 weight section to detailed ceramic oxide powder, and in 
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the range of this addition, it can do the effectiveness of organic substance addition so while it maintains 
the viscosity of a mixture suitably. 

[0069] Moreover, since ceramic oxide powder, the dispersibility of the mixture which added the solvent 
for physical-properties accommodation to the mixture of a ceramic sol solution, and homogeneity are 
improved, a small amount of organic substance can also be added. In this case, as for the organic 
substance to add, it is desirable to use long-chain alcohols or a polar organic solvent. 
[0070] As long-chain alcohols, it is desirable to use a pentanol or a hexanol and it is desirable as a polar 
organic solvent to use an acetylacetone or methoxy ethanol. 

[0071] As for the addition of the organic substance, it is desirable overly to consider as 1 - 50 weight 
section to detailed ceramic oxide powder. This is because a mixture cannot maintain viscosity, it dilutes 
not much and a moldability worsens, when there is no effectiveness which added the organic substance 
as the addition of the organic substance is under 1 weight section and an addition exceeds 50 weight 
sections. 

[0072] The addition of the organic substance has especially the desirable thing considered as 10 - 40 
weight section to ceramic oxide powder, and in the range of this addition, it can do the effectiveness of 
organic substance addition so while it maintains the viscosity of a mixture suitably. 
[0073] With the application of the ceramic paste manufactured by said approach, piezo-electricity / 
electrostriction film is fabricated with the printing method, the molding method, or a coating method to 
a diaphragm. 

[0074] The piezo-electricity / electrostriction film fabricated by the diaphragm are heat-treated at 100- 
600 degrees C. a solvent removes by such heat treatment - having — a ceramic sol - the front face of an 
oxide particle — as a reaction medium — acting ~ said — association between detailed ceramic oxide 
particles is overly guided. 

[0075] It is because a reaction equal to baking is made by the mutual reaction which the ceramic 
configuration raw material of the ceramic sol solution which, as for the reason a reaction is enough, the 
water of a detailed ceramic oxide powder front face overly hydrolyzed the ceramic sol solution, and 
separated by hydrolysis overly combines with detailed ceramic oxide powder only by heat treatment at 
100-600-degree C low temperature. Moreover, the added organic substance is also removed in a heat 
treatment process. 

[0076] It heat-treats at 150-300 degrees C more preferably, and this temperature requirement can secure 
suitably the crystallinity of piezo-electricity / electrostriction film, and a moldability, though it is quite 
low-temperature heat treatment. 

[0077] Since the thickness of the piezo-electricity / electrostriction film fabricated can be adjusted by 
adjusting the thickness of a screen or mold when applying a ceramic paste to a diaphragm, and using the 
printing method or the molding method, the piezo-electricity / electrostriction film from a thin film 
gestalt to a thick-film gestalt can be fabricated freely. 

[0078] Moreover, in using a coating method, after fabricating the film on the whole on a diaphragm, 
post processing can also be carried out and it is also possible to fabricate the piezo-electricity / 
electrostriction film of a desired pattern with masking. The thickness of the film fabricated is adjusted 
by repeating the process which fabricates and heat-treats the film to a diaphragm. 
[0079] After applying a ceramic paste to a diaphragm, before heat-treating, the phase dried at 70-150 
degrees C can also be included further. 

[0080] In spite of having heat-treated the piezo-electricity / electrostriction film manufactured by such 
approach at low temperature, the property of a ceramic proper is excellent, and since the thickness of the 
piezo-electricity / electrostriction film fabricated can be adjusted, even the piezo-electricity / 
electrostriction film of a thick-film gestalt can be fabricated from the piezo-electricity / electrostriction 
film of a thin film gestalt. 

[0081] Thus, since piezo-electricity / electrostriction film can be fabricated without a limit of thickness 
only by low-temperature heat treatment, applicability is high. 

[0082] Moreover, since it is not necessary to add the organic substance, such as a dispersant, it is not 
necessary to pass through the process which carries out a debinder above 500 degrees C before heat 
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treatment, and piezo-electricity / electrostriction film can be formed according to 1 time of a heat 
treatment process at low temperature. 

[0083] An up electrode is formed in the upper part of piezo-electricity / electrostriction film after 
forming piezo-electricity / electrostriction film. 

[0084] As an up electrode, silver (Ag), aluminum (aluminum), gold (Au), platinum (Pt), etc. are used. In 
using the available silver paste for low temperature treatment mainly commercially, fabricating by the 
printing methods, such as screen printing and stencil printing (Stencil Printing), on a diaphragm, in 
using silver as an up electrode, and using aluminum, gold, and platinum as an up electrode, it fabricates 
by sputtering, vacuum deposition, or vacuum evaporationo. 

[0085] After forming an up electrode in the upper part of piezo-electricity / electrostriction film, it heat- 
treats at 150-300 degrees C more preferably, and 100-600 degrees C of piezo-electricity / electrostriction 
film, and up electrodes are combined. When using aluminum or gold as an up electrode, it can also be 
immediately used without additional heat treatment. 

[0086] Below, the case where piezo-electricity / electrostriction actuator is manufactured as a diaphragm 
using giant-molecule nature organic compounds, such as a ceramic plate or resin, is explained. The 
process which manufactures piezo-electricity / electrostriction actuator using giant-molecule nature 
organic compounds, such as a ceramic diaphragm or resin, is shown in drawing 4 . 
[0087] As a ceramic plate, an aluminum oxide (aluminum 203), a zirconium dioxide (Zr02), silicon 
carbide (SiC), silicon nitride (Si3N4), a silicon dioxide (Si02), or textile glass yarn is used. After a 
ceramic plate sinters this after forming in a green sheet gestalt the slurry which oxide powder contained, 
or it forms a desired diaphragm gestalt by the slurry regime, it is manufactured and used by the 
conventional approach of sintering. 

[0088] Since a ceramic diaphragm is nonconducting and the function as a lower electrode cannot be 
carried out, another lower electrode should be formed. 

[0089] When using a ceramic as a diaphragm, after using conductive pastes, such as an alloy of 
platinum, silver, silver / palladium (Pd), nickel, and copper (Cu), and carrying out ** arrival of the 
conductive pastes, such as platinum which is a lower electrode, on a ceramic diaphragm as a lower 
electrode, it heat-treats at 600-1,200 degrees C more preferably, and 500-1,400 degrees C of ceramic 
diaphragms and lower electrodes are combined. 

[0090] As a macromolecule nature organic compound of resin, the resin diaphragm of a polyester 
system, a polyimide system, or a Teflon system is mainly used. As for the thickness of a diaphragm, it is 
desirable to be referred to as 7-50 micrometers, and, generally it manufactures and uses it for the gestalt 
of a film. 

[0091] Since it is nonconducting also in an organic compound and it cannot carry out the function as a 
lower electrode, another lower electrode should be formed. 

[0092] When using an organic compound as a diaphragm, silver, aluminum, gold, platinum, etc. are 
used as a lower electrode. In using the available silver paste for low temperature treatment mainly 
commercially, fabricating by the printing methods, such as screen printing and stencil printing, on a 
diaphragm, in using silver, and using aluminum, gold, and platinum, it fabricates by sputtering, Vacuum 
deposition, or vacuum evaporationo. 

[0093] After making the upper part of an organic compound diaphragm carry out ** arrival of the lower 
electrode, it heat-treats at 100-300 degrees C, and a diaphragm and a lower electrode are combined. 
[0094] On the lower electrode combined with the macromolecule nature organic compound diaphragm, 
piezo-electricity / electrostriction film is fabricated, it heat-treats at 150-200 degrees C more preferably, 
and 100-300 degrees C of lower electrodes, and piezo-electricity / electrostriction film is combined. 
[0095] The approach of fabricating piezo-electricity / electrostriction film and the approach of heat- 
treating and combining are the same as that of the case where the metal mentioned above is used as a 
diaphragm. 

[0096] An up electrode is formed in the upper part of piezo-electricity / electrostriction film, and silver, 
aluminum, gold, and platinum are used as an up electrode. 

[0097] The approach of forming an up electrode is the same as that of the case where a metal is used as a 
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diaphragm, the upper part of piezo-electricity / electrostriction film is made to carry out ** arrival of the 
silver which is an up electrode, aluminum, gold, and the platinum, and it uses them for it directly 
without additional heat treatment, or it uses them, making it heat-treat and join together at 100-300 
degrees C. 

[0098] Since an oxide film is formed in the front face of the metal used as a diaphragm by passing 
through the heat treatment process in the production process of such a piezo-electricity / an 
electrostriction actuator or the residue of mold remains, this carries out the function to act as electric 
insulation film and to prevent inter-electrode energization. 
[0099] 

[Example] Hereafter, an example explains this invention to a detail. However, the following example 
does not illustrate this invention and does not limit the range of this invention. 
[0100] (Example 1) The ceramic paste manufactured using PZT (52/48) detailed powder with a mean 
particle diameter of 50nm was printed on the SUS 316L diaphragm with a thickness of 10 micrometers 
through the screen which has a detailed pattern. 

[0101] This piece of a trial was heat-treated in the air ambient atmosphere for 2 hours by 130 degrees C, 
300 degrees C, or 600 degrees C. When it heat-treated at 600 degrees C, the part in which the ceramic 
paste is not printed by the SUS plate oxidized, and acted as an insulator layer. 
[0102] The conductive paste was printed as an up electrode, it dried at 100 degrees C, and piezo- 
electricity / electrostriction actuator was manufactured. 

[0103] (Example 2) It printed through the screen which has a detailed pattern on aluminum-oxide 
vibration with a thickness of 8 micrometers by which silver was fabricated considering the ceramic paste 
manufactured using PZT (52/48) detailed powder with a mean particle diameter of 50nm as a lower 
electrode. 

[0104] This piece of a trial was heat-treated in 300 degrees C and air for 2 hours, and the silver paste 
was printed as an up electrode, it heat-treated at 300 degrees C, and piezo-electricity / electrostriction 
actuator was manufactured. 

[0105] (Example 3) The ceramic paste manufactured using PZT/PMN (60/40) detailed powder was 
printed on the nickel diaphragm with a thickness of 10 micrometers through the screen which has a 
detailed pattern. 

[0106] This piece of a trial was heat-treated in 300 degrees C and air for 2 hours, vacuum deposition of 
the aluminum was carried out as an up electrode, and piezo-electricity / electrostriction actuator was 
manufactured. 

(Example 4) On the nickel diaphragm with a thickness of 10 micrometers, mold was formed, and it 
adhered with the photographic sensitive film, and was filled up with the ceramic paste manufactured 
using PZT/PMN (60/40) detailed powder. 

[0107] This piece of a trial was heat-treated in 300 degrees C and air for 2 hours. In this case, the 
photographic sensitive film used as mold remained also after heat treatment, and acted as an insulator 
layer. 

[0108] After heat treatment, vacuum deposition of the aluminum was carried out as an up electrode, and 
piezo-electricity / electrostriction actuator was manufactured. 

[0109] (Example 5) The dry film for adhesion was adhered on polyester film with a thickness of 12 
micrometers. The chamber structure which etched the SUS plate and formed the fine structure on the 
polyester film which adhered to the glue line is placed, and it heat-treated for 30 minutes and was made 
to join at 180 degrees C. In this case, in order to make junction into homogeneity, the fixed mass (mass) 
was added during heat treatment. 

[0110] In the completed structure, distilled water washed, after immersing said structure in the mixed 
liquor of a sulfuric acid / nitric acid / hydrogen peroxide solution and etching a film, in order to remove 
a diaphragm and the dry film for adhesion of the remaining part except the adhesion side of a chamber. 
[01 1 1] On polyester film, aluminum was vapor-deposited and the lower electrode layer was formed. 
[0112] The ceramic paste which used and manufactured PZT (52/48) detailed powder on the lower 
electrode was printed by screen printing, piezo-electricity / electrostriction film was fabricated, and it 
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heat-treated at 150 degrees C for 2 hours. 

[0113] On the completed piezo-electricity / electrostriction film, sputtering of the gold was carried out, 
the up electrode was formed, and piezo-electricity / electrostriction actuator was manufactured. 
[0114] (Example 6) The dry film for adhesion was adhered on the polyimide film with a thickness of 10 
micrometers. The chamber structure which etched the SUS plate and formed the fine structure on the 
polyimide film which adhered to the dry film for adhesion was placed, and it heat-treated at 200 degrees 
C for 2 hours. In this case, in order to make junction into homogeneity, the fixed mass was added during 
heat treatment. 

[0115] It washed, after immersing the completed structure in the mixed liquor of a sulfuric acid / nitric 
acid / hydrogen peroxide solution and etching the exposed film for adhesion. 

[0116] On the polyimide film, sputtering of the gold was carried out and the lower electrode layer was 
formed. Perforated plate printing of the ceramic paste which used PZT/PMN (60/40) detailed powder on 
the formed lower electrode was carried out, piezo-electricity / electrostriction film was fabricated, and it 
heat-treated at 200 degrees C for 2 hours. 

[0117] On the completed piezo-electricity / electrostriction film, aluminum was vapor-deposited, the up 
electrode was formed, and the actuator was manufactured. 

[0118] (Example 7) The dry film for adhesion was adhered on SUS sheet metal with a thickness of 15 
micrometers. The chamber structure which etched the SUS plate and formed the fine structure on the 
SUS sheet metal which adhered to the dry film for adhesion was placed, and it heat-treated at 200 
degrees C for 2 hours. In this case, in order to make junction into homogeneity, the fixed mass was 
added during heat treatment. 

[0119] Distilled water washed, after immersing the completed structure in the mixed liquor of a sulfuric 

acid / nitric acid / hydrogen peroxide solution and etching the exposed film for adhesion. 

[0120] After being filled up with the ceramic paste which fabricated the detailed pattern as mold and 

manufactured the photographic sensitive film using PZT (52/48) on SUS sheet metal and fabricating 

piezo-electricity / electrostriction film, it heat-treated at 300 degrees C for 2 hours. 

[0121] On the completed piezo-electricity / electrostriction film, it was filled up with the silver paste, the 

up electrode was formed, and the actuator was manufactured. 

[0122] 

[Effect of the Invention] This invention explained above does not have an adhesion process and a slicing 
process, by fabricating a direct piezo electric crystal thin film or a thick film, and constituting piezo- 
electricity / electrostriction actuator on the diaphragm formed with the metal or the organic compound, 
simplifies a manufacture process and is effective in the extensive improvement of quality and the 
productivity being carried out compared with the method which has an adhesion process. 
[0123] Moreover, since a piezo electric crystal is fabricated at much low temperature compared with the 
method which carries out elevated-temperature sintering, using a ceramic as a diaphragm, there is 
effectiveness which can constitute the piezo-electricity / electrostriction actuator of only required 
quantity in coincidence by the width of face which can select the diaphragm quality of the material not 
only becoming large, but deformation or deterioration of a diaphragm being able to minimize, being able 
to raise production yield, and giving patterning at the time of shaping of a piezo electric crystal. 
[0124] When forming the oxide film or ceramic pattern generated after being able to skip the process 
which fabricates a lower electrode by using a metal as a diaphragm and heat-treating a metal and using a 
photographic sensitive film as mold, it acts considering the photographic sensitive film which remains 
after heat treatment as electric insulation film, and is effective in the ability to prevent inter-electrode 
energization at the time of the drawer of the upper part and a lower electrode. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 . * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is process drawing showing the production process of the conventional piezo-electricity / 
electrostriction actuator which uses a metal or the giant-molecule nature organic compound of resin as a 
diaphragm. 

[Drawing 2] It is process drawing showing the production process of the conventional piezo-electricity / 
electrostriction actuator which uses a ceramic as a diaphragm. 

[Drawing 3] It is process drawing showing the production process of the piezo-electricity / 

electrostriction actuator of this invention which uses a metal as a diaphragm. 

[Drawing 4] It is process drawing showing the production process of the piezo-electricity / 

electrostriction actuator of this invention which uses a ceramic as a diaphragm. 

[Drawing 5] It is process drawing showing the production process of the piezo-electricity / 

electrostriction actuator of this invention which uses the giant-molecule nature organic compound of 

resin as a diaphragm. 

[Translation done.] 
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